Some patients with cystic fibrosis have reduced pulmonary volumes, indicating a restrictive pattern of pulmonary disease. We identified ten patients with pulmonary functional evidence of restriction among 158 patients with cystic fibrosis followed at the University of California San Diego Medical Center in 1984 and 1985. We characterized the radiographic, pulmonary functional, and clinical characteristics of these restricted patients compared to matched nonrestricted patients. Pulmonary volumes were measured by three different techniques: plethysmography; nitrogen washout; and radiography. Except for plethysmographic pulmonary volumes, there were no significant differences between the matched restricted'and nonrestricted patients. Radiographic pulmonary volume tended to overestimate pulmonary function in patients with cystic fibrosis is characterized primarily by airflow obstruction and hyperinflation of static pulmonary volumes. Elevation in the ratio of residual volume to total lung capacity (RV/TLC) correlates with severity of disease.1-3 The TLC calculated from body plethysmographic measurements of thoracic gas volume is usually normal or elevated. 1I2X4X5 The TLC by gas dilution techniques (helium dilution of nitrogen washout) may be lower than by plethysmography because ofnoncommunicating gas volume. '' Nevertheless, some patients with cystic fibrosis have restricted pulmonary function with reduction in TLC even when measured by body plethysmography. This has been reported occasionally and is thought to represent a severe stage of disease. 2, 3 We conducted this study (1) to better characterize the clinical, radiographic, and pulmonary functional features of restricted patients compared to a matched control group of nonrestricted patients with cystic fibrosis; and (2) 16) or Naimark and co-workers15 (age over 16) for pulmonary volumes.
Chest Radiographic Grading
Posteroanterior and lateral chest roentgenograms were graded on two separate occasions by an experienced chest radiologist (PFJ.F.) using a scoring system modified from that described by Brasfield and co-workers.Y6 A grade was assigned for each of the following specific characteristics: air trapping (0 to 4); bronchial wall markings (0 to 4); small nodular or cystic lesions (0 to 4); large air-space lesions (O to 5); and general severity (0 to 4) (0 = normal; 4 = most severe). 17418
Grades for each of the five categories were summed and subtracted from 25 to obtain a total score of 4 (most severe) to 25 (normal). On the first reading, each patient's films were examined separately On the second reading, the set of 20 roentgenograms was sorted without knowledge of the initial scores according to severity for each of three criteria: bronchial markings; nodular lesions; and general severity Clinical Scoring 25 = normal). 19 This scale is modified from the one originally published by Shwachman and Radiogr Even on the 1 same patients was not significantly different between groups. We postulated that measurements of TLC(R) would overestimate the TLC(P) or TLC(N) in patients with a significant amount of abnormal air-space filling.2122 Therefore, we subtracted TLC(P) or TLC(N) from TLC(R) to estimate the amount that air-space filling might be contributing to the restrictive process. The differences between radiographic and gas volumes (TLC[R-P] and TLC[R-N]) were higher in the restricted patients, as expected, but the difference did not reach statistical significance because of the high variance within groups ( Table 2 ).
The differences between radiographic and gas volumes were also correlated with specific radiographic findings. These results, summarized in Table 3 , demonstrated highly significant correlations between TLC(R-P) and TLC(R-N) with the scores for air trapping and bronchial markings in the restricted patients only, but not with radiographic evidence of parenchymal lesions (nodular or air-space lesions). Serial Studies e in FEy1 after bronchodilator.
Seventeen of the 20 patients (including seven matched pairs) had pulmonary function tests repeated adiographic Grades during their 1985-86 annual examination, one year were no significant differences between reafter the initial study One restricted patient died prior and nonrestricted patients for any of the to repeat assessment. Two nonrestricted patients did phic criteria scored ( of expiratory flow demonstrated a trend of improvement in the restricted patients and a decline in control aphic-Gas Volume Differences subjects, but these changes were not statistically though the restricted patients were selected significant. basis of decreased TLC(P), TLC(R) in these There were marked changes in pulmonary volume , and two of eight nonrestricted patients were restricted one year earlier in 1983-84. These changes in serial pulmonary volume were not associated with any consistent changes in blind ratings (PJ.F.) of serial chest roentgenograms over the same period.
DISCUSSION
The results of this study indicate that restricted pulmonary function may be more common than previously reported in patients with cystic fibrosis. Among 158 patients, we identified ten with restriction (6 percent prevalence). Otherwise, restricted patients were remarkably similar to the matched control group of nonrestricted patients with respect to clinical and chest radiographic ratings. The restrictive defect did not appear to represent a more severe stage of disease, as has been proposed by others. 2 Results of pulmonary function tests revealed significant differences between groups only for TLC(P), which was used in selecting restricted patients. The TLC(R) and TLC(N) were not significantly different between groups; however, nitrogen washout volume was performed in only five matched pairs. There were no differences in measurements of expiratory flow, Raw, maximal inspiratory pressure, or VC (reduced in both groups).
The discrepancy between groups for pulmonary volumes measured by the three different techniques highlights the important differences among these methods. Although the three methods produce equivalent results in normal subjects, each method measures a different theoretic volume which may differ with disease.10'23'24 Gas dilution techniques (nitrogen washout or helium dilution) measure communicating gas volume, the volume of gas which mixes with the reference gas. Body plethysmography measures compressible gas volume, the total volume of intrathoracic gas. This includes noncommunicating air space not measured by gas dilution or washout methods. Radiographic techniques estimate intrathoracic volume from the area bounded by the thoracic cage, diaphragm, and mediastinum.
In obstructive disease with noncommunicating air space, gas dilution measurements may underestimate both radiographic and plethysmographic volumes. 23, 24 In restrictive processes in which gas is replaced by fluid or abnormal tissue (eg, edema, fibrosis, pneumonitis), the radiographic thoracic volume may be larger than the gas dilution or plethysmographic volume.2122 In restrictive conditions which do not affect the pulmonary parenchyma directly (eg, respiratory muscle weakness), the three techniques should be comparable.
In this study, we proposed that restriction would be due to scarring and infiltration of the pulmonary parenchyma and, therefore, expected to find differences between the radiographic and gas volumes in the restricted patients. Although these differences did exist and, on average, were in the expected direction, there was considerable variability within groups, and the differences did not reach statistical significance.
We also expected to find that the radiographic-gas volume differences in the restricted patients would correlate with radiographic grades of pulmonary parenchymal lesions (air-space or nodular cystic lesions) as a reflection of severity Surprisingly, the radiographic-gas volume differences were highly correlated only with radiographic ratings of air trapping (hyperinflation) and bronchial markings. These findings suggest that the mechanism ofrestriction in these patients with cystic fibrosis is not related directly to the extent of air-space-filling lesions and raises the interesting possibility that the restriction may be related more to airway disease. The fact that maximum inspiratory pressure was not different between groups indicates that inspiratory muscle weakness was also not a cause of restriction.
The primary pulmonary lesion is cystic fibrosis is obstruction of the small airways by inflammation and mucous plugging.25 Restrictive changes have been observed occasionally in patients with other airway diseases, including asthma26'27 and bronchiolitis obliterans28'29 and may be related to diffuse inflammatory obstruction of small airways. A similar mechanism in cystic fibrosis might explain the significant correlations observed between radiographic-gas volume differences and bronchial marking grades on the chest roentgenograms reflecting generalized airway inflammation.
The results of serial pulmonary function tests from the previous (1983-84) and subsequent (1985-86) years also raises interesting questions about the mechanism of restriction and the implication of restriction regarding severity ofdisease. Three ofnine restricted patients were no longer restricted on testing one year later, and two of eight were not restricted one year earlier. It is unlikely that the reduced plethysmographic pulmonary volume was due to measurement error, since nine of the ten restricted patients were restricted in at least two of the three years examined. In the nonres-tricted patients, none of eight was restricted one year later, while two of eight were restricted one year earlier. Chest radiographic ratings did not change consistently over this period. Group data over one year offollow-up demonstrated a trend toward increase in expiratory flow and pulmonary volume in the restricted patients but not in the controls. These findings suggest that the restrictive process may be reversible in some patients and, therefore, does not necessarily represent an irreversible stage of disease.
In summary, we conclude that restricted pulmonary function may be observed in some patients with cystic fibrosis. It does not appear to indicate more severe disease than a nonrestricted pattern and may be reversible in some patients. In addition, restriction detected by plethysmographic measurements of pulmonary volume may not be evident on radiographic measurements of thoracic cage volume. In some restricted patients, there is a large difference between radiographic measurements and plethysmographic or nitrogen-washout measurements ofgas volume. In this study these radiographic-gas volume differences were highly correlated in the restricted patients with radiographic evidence of air trapping (hyperinflation) and bronchial markings, but not with parenchymal lesions. Although the mechanism of the restrictive defect is unclear, these preliminary observations suggest a possible relationship to airway disease such as small airway obstruction.
